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Abstract

	 Solution casting was employed to fabricate Polymer blend-based solid electrolyte 
membranes of polyvinylidene fluoride (PVDF) and polyethylene oxide (PEO) with varying 
concentrations of potassium iodide (KI). UV-Visible absorbance analysis was utilized to 
investigate their optical properties. The results indicate that altering the KI concentration 
modifies the optical characteristics of the films. Specifically, increasing the KI content shifts 
the electrolyte samples exhibit an absorption edge shifts to a reduced energy region, leading 
to a reduction in the energy gap. The energy gap values suggesting the formation of charge 
exchange complexes within the mixture upon the addition of KI to the polymer system, these 
complexes enhance the electrical conductivity of the system by introducing additional charges 
into the lattice.
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Introduction

	 The primary challenges facing society 
are the generation, delivery, and storage of energy.  
Ion-conduct ing sol id polymer electrolytes 
are essential components of several electro-
ionic systems, including transducers, solar 
power units, high-capacity capacitors, and 
rechargeable batteries1-6. These materials are 
highly valued because of their ability to support 
efficient ion transport. Salts can form complexes 

with a variety of polymer hosts-such as PEO, 
PEG, PPO, PVP, PMMA, and PVA-to produce 
ion-conducting polymer electrolytes.

	 Polyvinylidene fluoride (PVDF) is a 
polymer that merits special attention due to its 
charge transfer mechanism, excellent electrical 
properties, and ease of processing7. PVDF, an 
amorphous polymer, contains a rigid pyrrolidone 
group, which contributes to its high glass transition 
temperature (Tg) and its ability to form complexes 
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with various inorganic salts8. Polyethylene oxide 
(PEO), on the other hand, possesses remarkable 
optical properties, surface resistance, non-tracking 
behavior, high electrical resistance, and excellent 
compatibility with other polymers. The significant 
role of PEO in stabilizing the electrode-electrolyte 
interface was demonstrated by Appetecchi et al.,9. 
Furthermore, Iijima et al., conducted pioneering 
research on plasticized polymer electrolytes, 
identifying PEO as a suitable host material10. 
Bohnke11 also investigated the stability and reaction 
rates of alkali metal electrodes in gel-derived 
electrolytes consisting of PEO. Considering these 
findings, the present work focuses on the optical 
investigation of polymer-based ionic composite 
systems consisting of polyethylene oxide (PEO) 
and polyvinylidene fluoride (PVDF) doped with 
potassium iodide (KI).

Experimental 

Preparation of Films
	 Solid polymer electrolyte films (120 μm 
thick) were synthesized via a casting solution 
technique. This involved the preparation of pure 
PVDF/PEO mixtures as well as various compositions 
of PVDF/PEO complexed with KI salt. The samples 
were created using weight composition ratios of 
(47.5:47.5:5), (45:45:10), and (42.5:42.5:15).

	 The process involved dissolving PVDF, 
PEO, and KI salt in double-distilled water and stirring 
the mixture at ambient temperatures for 8–10 h to 
achieve homogeneity. The uniform solution was 
subsequently poured onto a polypropylene plate, 
allowing the solvent to allow evaporation at ambient 
temperature. Once dried, the composite polymer 
membranes were carefully removed from the 
propylenepolymer plate and kept in a dry suction 
system chamber for preservation.

	 The Ultraviolet-visible absorption readings 
of the recorded spectra of the prepared samples 
spanned the range of 250 to 950 nm at ambient 
thermal state using a JASCO V-700 spectral 
analysis system from these readings, optical 
parameters, including the band edges and optical 
energy gaps, both direct and indirect, transitions 
were calculated.

Result and Discussions

	 The negatively charged particle shift 
from the peak of the outer electron band to the 
trough of the free electron band is predominantly 
accountable for the UV absorption. As shown in  
Fig. 1, the Ultraviolet-visible absorption readings 
of the PVDF/PEO mixer and PVDF/PEO/KI solid 
polymer electrolyte films were documented at 
environmental temperature in the wavelength range 
of 250 to 950 nm. The carbonyl group in the pure 
polymer blend is responsible for the shoulder-like 
peak observed in the spectrum of the pure PVDF/
PEO film at approximately 238 nm, as shown in the 
figure. In the doped films, the absorption coefficient 
increases with higher doping levels, and the shoulder 
shifts toward longer wavelengths. This behaviour 
may be attributed to the intense communication 
between PVDF/PEO and KI salt, as well as an 
increase in carbonyl groups12.

Fig. 1. UV-Vis absorption spectral readings of (a) 
clean PVDF+PEO (b) (PVDF+PEO+KI) (50:45:5) ;(c) 

(PVDF+PEO+KI) (50:40:10); (d) (PVDF+PEO+KI) 
(50:35:15) films

	 Optical constants, parameters like the 
optical energy gap (Eg) and the location of the 
primary band edge are determined through 
Optical absorption analysis of the films. A key 
characteristic of the absorption edge is the rapid 
rise in the absorptivity factor (α) as wave-packet 
energy (hν) increases. The absorptivity factor α, can 
be ascertained from the spectral readings using the 
relevant equation Figure 2.

303.2∗





=

d
Aα 		  (1)    

	 Here, d represents the sample's thickness, 
and A denotes the absorbance. The absorption 
edge is located at 3.87 eV for pure PVDF/PEO 
films and decreases from 3.70 eV to 3.44 eV for 
the doped films.
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	 Where A and B are parameters determined 
by the electronic band configuration and Ep is 
the phonon energy connected to the transition. 
As illustrated in Fig. 4: Plots of (αhν)¹/² versus hν  
yielded the indirect energy band gaps. The indirect 
energy band gap for pure PVDF/PEO film is 3.89eV, 
whereas the values for doped films spanning from 
3.81 eV to 3.59 eV.

Fig. 2: Plots of α against hν for (a) pure PVDF+PEO (b) 
(PVDF+PEO+KI)(50:45:5) (c) (PVDF+PEO+KI) (50:40:10); 

(d) (PVDF+PEO + KI) (50:35:15) films

	 The absorptivity coefficient is influenced by 
the energy of the incident photons in the following 
manner when a direct band gap is present [13,14, 
and 15].

( )2
1

gEhch −= υυα 	 (2)

	 Where h is the constant of Planck's, ν 
is the frequency of light, c is a constant, and Eg 
is the energy band gap. A linear relationship is 
observed between (αhν)2 and wave-packet energy 
(hν), as depicted in Fig. 3. The insulating gap can 
be determined by extending the linear segment of 
the curve to the point of zero absorption and finding 
Energy-axis intercept point. The intrinsic band gap 
for pure PVDF/PEO membrane is 3.99eV, and the 
values for doped films range from 3.95 to 3.78eV 
(see Table 1.1).

Fig. 3. Plots of (αhν)2 versus hν for (a) pure PVDF+PEO (b) 
(PVDF+PEO+KI) (50:45:5) (c) (PVDF+PEO+KI) (50:40:10);  

(d) (PVDF+PEO+KI) (50:35:15) films

	 The correlation between the absorption 
coefficient and photon energy is as follows for 
indirect transitions that need phonon assistance  
[15, 13, 14].

Fig. 4. Graphs of (αhν)1/2 versus hν for (a) pure PVDF+PEO 
(b) (PVDF+PEO+KI) (50:45:5) (c) (PVDF+PEO+KI) (50:40:10); 

(d) (PVDF+PEO+KI) (50:35:15) films

	 The table displays the absorption threshold 
and direct and implicit energy insulating gap 
energies of the clean and KI-mixed PVDF/PEO 
macromolecule membranes that were obtained in 
this work. 

Table 1: Optical energy gap values at the 
absorption threshold for pure and KI-doped 

PVDF/PEO samples

	Concentration (Weight%)	    Absorptivity	 Optics-based band
		                  edge (eV)	 gap energy(eV)
		  Direct	 Indirect	

	 PVDF+PEO	 5.91	 5.84	 5.64
	 (PVDF+PEO+KI) 	 5.76	 5.74	 5.24
	 (50+45+5)
	 (PVDF+PEO+KI) 	 5.61	 5.70	 5.20
	 (50+40+10)
	 (PVDF+PEO+KI) 	 4.80	 5.02	 4.36
	 (50+35+15)

	 Table 1 shows that as the doping level 
increases, both the direct and indirect energy band 
gaps reduce. This decline could be imputed to the 
creation of blemishes within the polymer array. These 
imperfections introduce confined states within the 
optical energy insulating gap, which intersect with the 
band structure, leading to a reduction in the band gap 
energy. This suggests that PVDF/PEO films become 
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more semiconducting in nature as the concentration 
of KI dopant increases16,17.

Conclusion

	 The study demonstrates that incorporating 
varying concentrations of potassium iodide (KI) into 
PVDF/PEO polymer blend-based solid electrolyte 
membranes significantly influences their optical 
properties. UV-Visible absorbance analysis reveals 
a shift in the absorption edge toward lower energy 
regions as KI content increases, indicating a 
reduction in the optical energy gap. This decrease 
in the energy gap suggests the formation of charge 
exchange complexes within the polymer matrix. 
These complexes contribute to enhanced electrical 
conductivity by introducing additional charge 
carriers, thereby improving the overall ionic transport 

within the system. The findings highlight the potential 
of KI-doped PVDF/PEO membranes for applications 
in solid-state electrolytes and optoelectronic devices.
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